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A new interaction mechanism of superluminal particles with matter is suggested.
Tachyons are described by a real Proca eld with negative mass square, coupled to
a current of subluminal matter. The potential of a static point source in this eld theory
is a damped periodic function with 1=r-decay. We treat this potential as a perturbation
of the Coulomb potential, and study its eects on cross-sections and energy levels. In
the limit of large impact parameter, the periodicity of the potential has a pronounced
eect on the classical cross-section, which gets singular at the accumulating extrema of
the scattering angle. In this limit we dene the cross-section wave mechanically, by semi-
classical rainbow scattering. The impact of the tachyon potential on the energy levels
of hydrogen and hydrogenic ions is calculated by means of Bohr{Sommerfeld quantiza-
tion. Estimates for the tachyon mass (3 keV) and the coupling constant of the tachyon
potential are derived on the basis of high-precision Lamb shift measurements.
1. Introduction
Modern theories of superluminal motion1{6 are based on the formalism of clas-
sical relativistic mechanics. Faster-than-light particles (tachyons) are usually in-
troduced as an extension of the relativistic particle concept, as particles with
negative mass square, or, if one prefers, imaginary mass.7 In the relativistic
Hamilton{Jacobi equation, this just means to assume m2 < 0 without further
alterations. If tachyons are supposed to carry electric charge, then their cou-
pling to the electromagnetic potential is eected by minimal substitution, and the
Lagrangian for tachyons can be written in the same way as for subluminal particles,
L = −p−m2 _x _x+eA _x, but withm2 < 0. [diag() = (−1; 1; 1; 1);  may
be replaced by a Riemannian metric g of the same signature, of course.] Sommer-
feld’s pre-relativistic study of superluminal motion8 aimed at accelerating electrons
beyond the speed of light by means of electromagnetic elds, but otherwise his view
of tachyons as point particles coupled in the usual way to the electromagnetic eld
was taken over by modern authors.
In this paper, a dierent approach to superluminal motion is investigated. Super-
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a Proca equation with negative mass square, very contrary to the prevailing view
of tachyons as charged point particles with imaginary mass and zero spin. The
superluminal wave modes of the tachyon eld are coupled to a current of sub-
luminal massive particles by minimal substitution. In short, in the above Lagrangian
we regard the eld as superluminal rather than the particle, cf. the conclusion
for further discussion on that. In the following we outline this eld theory in a
Robertson{Walker cosmology, and calculate the static potential, the analog to the
Coulomb potential. The cosmic background is crucial in understanding the causality
of superluminal signal transfer, as the expanding galaxy grid and the Planckian
microwave radiation dene a universal frame of reference and a unique cosmic time
order for all uniformly moving observers.9{11 In this paper, however, we focus on
local eects, on interactions in locally geodesic coordinates, and we will study the
eects of the static potential of this eld theory rather than signal transfer by
tachyonic wave propagation.
We consider a Robertson{Walker cosmology with negatively curved three-space,
with the line element ds2 = −d2 + a2()d2. Because of the spherical symmetry
of the static potential, we use as coordinate representation of the hyperbolic three-











F = A; − A; ,  = mt=a(), mt > 0, leads to a Proca equation12;13 with





− 2A = j ; (1.2)
for a real vector potential A. The tachyon mass  is a scalar inversely propor-
tional to the expansion factor, in order to retain the conformal coupling of the
Maxwell eld; also note that  is not a rest mass, and Planck’s constant enters
into this classical eld theory to give the mass term the right dimension in the
Lagrangian,  = mtc=(~a()), with a(0) = 1 at the present epoch. [The cosmic
time scaling of the tachyon mass reminds us of the varying fundamental constants
of Eddington, Milne,14 and Dirac,15 cf. Ref. 16. A time variation of the fundamental
constants in an absolute (i.e. nonrelativistic) cosmic space{time conception (based
on the microwave background), leading to a uniform contraction of measuring rods
that manifests in dispersionless cosmic redshifts, has recently been proposed in
Refs. 10, 17 and 18.] The Lagrangian (1.1) immediately suggests an interaction of
the tachyon eld with subluminal matter. The current in (1.2) is structured like
in electrodynamics, generated by subluminal sources carrying tachyonic charge. In
Ref. 19, we considered a cosmic tachyon background radiation based on the eld
equations (1.1). In this paper, we focus on the potential of a static point source;
superluminal wave propagation in this eld theory is studied in Ref. 20, also see
the conclusion.
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The tachyon potential of a static point source is dened by the current j0 =
q(−g)−1=2(x), jk = 0, in analogy to electrostatics; q is the tachyon charge of this
source, further discussed in Secs. 2 and 4. The potential is readily calculated from
(1.2) as a linear combination of
A0 = a
−1f(r) ; Ai = 0 ;
F0i = −’()f 0(r)xi=r ; (1.3)





We assume m2t > 1, cf. the discussion below. Thus the potential of a static point
source reads as
A0 = − q
4aR
cos(d(r)) +  sin(d(r))
sinh(a−1R−1d(r))
;
d(r) := Ra() log
1 + r=R









we have restored here the natural units; d(r) is the radial distance function of the
cosmic 3-space [curvature radius Ra()], and  is an integration parameter. Both
fundamental solutions (1.3) have the same exponential decay at innity, i.e. for
distances larger than the curvature radius; so one cannot select a special solution
on the grounds of fastest decay, which is the usual argument to x the potential in
a eld theory with nonnegative mass square. However, we can require the tachyon
potential (1.4) to be singularity free at r = 0, so that it has a nite classical self-
energy,21 which means to drop the cosine and to put  = 1. This seems to me the
natural choice, but in the following we will not specify a boundary condition, apart
from Sec. 4, where we connect to Lamb shift measurements on the basis of a pure
sine potential.
We will focus on the local Euclidean limit of the potential (1.4), which is readily
obtained by identifying d(r) with the Euclidean distance and by performing the
limit R ! 1, cf. (2.1). There is of course no periodicity in the potential (1.4) if
 is imaginary or zero, but this requires in the limit R ! 1 a nonnegative mass
square (i.e. m2t  0 in our notation).
The purpose of this paper is to point out possible manifestations of the tachyon
potential in atomic cross-sections and bound states. In Sec. 2, we study classical
scattering in the Euclidean limit of the potential (1.4) superposed on the Coulomb
potential. We calculate the correction to the Rutherford cross-section generated by
the tachyon potential, and compare it to the relativistic correction. If the impact
parameter is large, the deflection angle is dominated by the tachyon rather than
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the Coulomb potential. As the tachyon potential is a damped periodic function, the
scattering angle has accumulating extrema in this limit; the classical cross-section
becomes ill-dened, and one has to resort to semiclassical mechanics. In Sec. 3,
we study the quantum mechanical cross-section in the WKB limit of large angular
momentum and impact parameter. Borrowing from rainbow scattering,22{24 we
calculate the cross-section at the accumulating extrema of the scattering angle.
In Sec. 4, we study the eect of the tachyon potential on energy levels by Bohr{
Sommerfeld quantization. We derive a lower bound of 3 keV for the tachyon mass.
This is done by comparing high-precision measurements of the 1S − 2S1=2 and
Ly-1 transitions in hydrogen with Lamb shift calculations. An estimate for the
coupling constant of the tachyon potential is likewise obtained in this way. Finally
we study frequency shifts induced by the tachyon potential in medium and high-Z
hydrogenlike ions. We obtain the Z-scaling of the tachyonic coupling constant and
relate tachyonic to electric charge. In Sec. 5 we present our conclusions and give
estimates on tachyonic black-body radiation and on atomic absorption and emission
rates for tachyon radiation.
2. Scattering Eects of the Tachyon Potential
We consider the local Euclidean limit of the tachyon potential (1.6), and regard







(cos(r) +  sin(r)) ; (2.1)
 := mtc=~ > 0. We assume j=j  1, and j=j  1, so that we can treat the
 term (denoted by U in the following) perturbatively. We put  = e1e2=(4),
and  = −q1q2=(4), where e1;2 and q1;2 are the electric and tachyonic charges of
source and particle. The tachyon potential clearly reminds us of the \fth force"25
added to the gravitational potential, so that it is tempting to relate the tachyon
charge q to e; this will be done at the end of Sec. 4. A sine potential is obtained
by substituting = for , and by performing the limit !1; this procedure can
easily be carried out in all the following results for cross-sections and energy levels.
As already emphasized in the introduction, we do not study superluminal signals
in this paper (see, however, the end of Sec. 5). The sources carrying tachyonic
and electric charge are always subluminal, and the tachyon potential is not related
to tachyonic wave propagation, namely to wave solutions of Eq. (1.2), which are
discussed in Ref. 20. Nevertheless, the perturbation (2.1) of the Coulomb potential
gives indirect evidence for superluminal signals, in the same way as the Coulomb
potential is an indication for electromagnetic waves, when considered as a solution
of Maxwell’s equations. Tachyons, superluminal particles, emerge via the geometric
optics limit of the eld equations (1.2). This is shortly discussed in the conclusion,
otherwise we study throughout this paper subluminal particle motion in the static
potential (2.1).
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In this section, we investigate classical scattering in the potential (2.1). The
scattered particles carry electric and tachyonic charge and are, as mentioned,

















= −m2c2 ; (2.2)
m denotes the mass of the scattered subluminal particle and should not be confused
with the tachyon mass mt in the Proca equation, which enters via  in the potential








[p2c −M2r−2 − 2c−2EcU(r) + c−2U2(r)]1=2dr ; (2.4)
where we introduced Ec = E + mc
2 = mc2(1 − v2=c2)−1=2, and pc = Ecv=c2. (R
denotes the radial coordinate and should not be mixed up with the curvature radius
of the cosmic three-space dened in Sec. 1.) v is the absolute value of the asymptotic
velocity, and rmin is the positive root of the integrand.
First we study two simple limit cases. By expanding the integrand linearly in 













To calculate the deflection angle, ’ = −@S=@M , R!1, we have to evaluate (2.5)
for large R. Performing the integrations, we obtain

























where we have dropped terms vanishing for R!1. J0 and N0 are the usual Bessel
and Neumann functions.26;27 (The integral over the  term of the potential is nite













(N1()− J1()) ; (2.7)
where we have expressed the angular momentum by the impact parameter  =
M=pc. Evidently, this expansion is not valid in the limit ! 0, as the coecients
diverge.
Next, we calculate the deflection angle in the limit of large angular momentum,
M ! 1. We insert a convergence factor r− into (2.4), and put R = 1, arriving




r−[p2c − r−2 − 2c−2EcU(Mr) + c−2U2(Mr)]1=2dr ; (2.8)
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We have here already dropped the convergence factor (i.e. put  = 0) wherever
possible. The rst two terms in (2.9) give Γ functions, and the trigonometric integral





























This result coincides with (2.7), provided we use the asymptotic expressions
(J1; N1)(z) 
p
2=(z)(cos; sin)(z−3=4) there and drop the  term in the trigono-
metric functions in (2.10). The expansion (2.7) is linear in  and , whereas
Eq. (2.10) is linear in  and only valid for large impact parameter, but it takes
the Coulomb potential fully into account. The  term in (2.10) dominates the con-
tribution of the Coulomb potential if the impact parameter is suciently large;
’() becomes a damped harmonic function, and the Coulomb potential enters as a
phase shift.
Finally we calculate the deflection angle without assuming a large impact param-
eter, and treat the Coulomb potential nonperturbatively. We consider corrections






















with ~E := E(1 + E=(2mc2)), ~ := (1 + E=(mc2)), and E = mv2=2. rmin is the


























December 15, 1999 8:36 WSPC/139-IJMPA 0278
Interaction of Tachyons with Matter 5143
In (2.12) and (2.13) we have put R = 1, as these integrals are already conver-
gent, and we are interested only in terms which give a nonvanishing contribution
for R ! 1. rmin and ~rmin denote the positive roots of the radicals in the respec-
tive integrands. [Note that rmin as dened by the radical in (2.11) diers from the
root of the radical in (2.13) and (2.14) by terms of order O(; c−2); the justi-





























































with −=2  arcsin  =2. ~E and ~ are dened after (2.11). As for the calculation
of Stach, it is convenient to introduce as parameters the semiaxis and the eccentricity
of the hyperbola of nonrelativistic motion in the Coulomb potential, a = jj=(2E)
and e =
p
1 + 2EM2=(2m). The two roots of the radical in (2.13) read rmin =







cos(r) +  sin(r)p































where we have put E = mv2=2 (asymptotic velocity).
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[We have inserted here M = pc as in (2.7), and then expanded in 1=c
2.] Analo-









































=: T (; ) : (2.20)
The coecients A and B in (2.20) are dened in (2.17). [We used @e=@M =











R() + T (; ) ; (2.21)

















In the case of a repulsive Coulomb potential,  > 0, we have 0 < ’() < =2,
and if  < 0, then =2 < ’() < . If we expand (2.21) in  and (2.7) in 1=c2,
then these limits coincide, of course. The asymptotic limit  ! 1 of Eq. (2.21)
coincides with (2.10), if we expand (2.10) in 1=c2. The limit ! 0 in (2.21) can only
be performed if  > 0; in an attractive Coulomb potential,  < 0, the expansion
(2.21) breaks down in this limit, because of the relativistic term, which diverges as
R()  1=2. This is a well-known relativistic eect; the trajectory is not any more
close to hyperbolic, but spirals into the scatterer.23
To calculate the classical cross-section, we have to express the impact parameter
as a function of the deflection angle. If  > 0, then 0 < ’ < =2, and the scattering
angle reads  =  − 2’. If  < 0, we have =2 < ’ < , and  = 2’− . In either
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with  as in (2.23) and A, B as in (2.17).
In the limit  ! 0 [i.e.  ! 1, cf. (2.10)], the expansions (2.23) and (2.24)
break down, because g()  −1=2 and G()  −3=2. In this limit we calcu-
late the cross-section quasiclassically in Sec. 3. We may use (2.24) for small 
as long as 3=2()  j=j holds. In the limit  ! 0, we nd G()  2g()
and 1 + g()  −=(mv2). If the Coulomb potential is treated perturba-
tively in linear order [i.e. if we consider only terms linear in , , and 1=c2,
cf. (2.7)], then g()  −1, and we obtain the Rutherford cross-section for a charge
 + . This limit is to be compared with the quantum mechanical cross-section,
d = 4 sin(=2) cos(=2)jf()j2d, with the scattering amplitude in Born approx-
imation given by












where  ! 0, q = 2k sin(=2), k = mv=~, and U(r) as in (2.1). There is a singu-
larity at q = . The Born approximation applies for large k, and this singularity
just means that it breaks down for small  (i.e. large impact parameter), when
the tachyon potential dominates the contribution of the Coulomb potential in the
classical cross-section [cf. (2.10)]. In the limit ! 0 large phase shifts emerge, and
WKB scattering applies instead [cf. Sec. 3]. For 2=q2  1 (large momentum and
moderate scattering angle), the Born approximation is reliable, and we obtain, with



















Note that the  term of the tachyon potential U(r) in (2.1) does not appear in this
approximation. This is not surprising, since the Coulomb potential =r is treated as
perturbation in linear order in (2.25), and in the classical result (2.24), terms linear
in  are likewise independent of , see the discussion following (2.24). The quantum
mechanical analogue to the cross-section (2.24) is a rst-order Born approximation
for U(r) based on the exact eigenfunctions of the Coulomb problem.
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3. The Semiclassical Rainbow Limit
We study scattering with large impact parameter in the potential (2.1). In this limit
we have to use the quantum mechanical denition of the cross-section, as the clas-
sical cross-section gets singular at the accumulating extrema of the deflection angle
[cf. (2.10)]. We focus in this section on nonrelativistic semiclassical scattering, with
the Hamilton{Jacobi equation (2.2) being replaced by a Schro¨dinger equation with
potential (2.1). The techniques employed are familiar from rainbow scattering,22;23











Pl(cos) exp(2l) : (3.1)
Large impact parameter can only be realized by large angular momentum, as long
as we consider nonrelativistic velocities, so we may apply WKB asymptotics to























rmin is the positive root of the radical. If we identify mv = ~k, M = ~(l+ 1=2), and

















with ’() as in (2.10) (and relativistic corrections dropped). Since scattering and
deflection angle are related by  = j2’− j, we have
 = 2jA()j; 2 dl
dl
+ sign(A()) = 0 : (3.5)
As the scattering amplitude (3.1) is dominated by large l-values, we may replace
the Legendre polynomials by
Pl(cos)  −(2l sin)−1=2[i exp(i(l + 1=2)+ i=4) + c:c:] : (3.6)
The series (3.1) with (3.6) substituted is dominated by the stationary points of the
phases, determined by 2dl=dl   = 0. We may therefore write for the scattering
amplitude



















Next we evaluate this series at an extremal scattering angle, d=d = 0, and denote
this extremum by (n; n), n = (ln + 1=2)=k. We expand l by means of (3.5),







(l − ln)3 +    ; (3.8)
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insert this expression into (3.7), replace the l summation by an integral, and evaluate
this by way of steepest descent,
jf(n)j
p























j(3)ln j−1=3 : (3.9)
(At an extremal scattering angle, there is no linear term in the exponent, and so
Airy’s integral reduces to a Γ function.) What remains is to determine the extrema
(n; n) of (), and to express in (3.9) ln and j(3)ln j as functions of n. We have
j(3)ln j = jA00(n)j, and the extrema of () coincide with those of A() [cf. (3.5)].
We easily nd, for n!1,
n  n


























We have here substituted k = mv=~, and replaced n by the continuous variable
, since n − n+1  n−3=2. There is no classical limit of (3.12), as the classical
cross-section cannot be dened at the extrema of the scattering angle.
Let us nally consider scattering in a regime (0; 0), where the impact param-
eter is still large enough for semiclassical scattering to apply, but so that the
Coulomb term in (2.11) stays dominant, cf. the condition on  given after (2.24).
We may then expand l as




= −k−1A0(0). A() is dened by (3.3) with ’() as in (2.21). If we insert
(3.13) into (3.7), replace the summation by an integral, and evaluate the stationary
phase, we obtain instead of (3.9)
jf(0)j
p

















Therefore, writing  and l for 0 and l0, we nd via (3.3) d  2lk−1jd=djd,
the classical cross-section.
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4. The Eect of the Tachyon Potential on Bound States in
Hydrogen and Hydrogenic Ions
In this section we study bound states in the perturbed Coulomb potential (2.1),
with  < 0; in particular we calculate level shifts induced by the tachyon potential
in hydrogen and hydrogenlike ions. By assuming that these shifts can account for
the discrepancy of experimental and theoretical Lamb shifts, we obtain estimates
for the tachyon mass mt and the coupling constant  of the tachyon potential, cf.
(2.1). The action reads as in (2.3), but with E < 0, so that there is a second positive



















with ~E and ~ as dened after (2.11) (with negative E and ). rmin =max are the











[2m(−j ~Ej+ j~jr−1)−M2r−2]1=2 dr ; (4.2)
~rmin =max are the roots of the radical in (4.2). The justication to replace rmin =max
by ~rmin =max is given in the Remark following (4.4). The rst integral in (4.2) is the
action along the Kepler ellipse with major semiaxis ~a = j~j=(2j ~Ej) and eccentricity
~e =
q

















2j ~EjJ0(~a~e)(cos(~a)+ sin(~a)) ; (4.3)
with  = mtc=~ as dened in (2.1). We may replace ( ~E; ~) by (E;) in the second
and third term, as well as in the formulas for major semiaxis and eccentricity,





















Remark. A short comment on the expansion procedures used here and in Sec. 2.




F (g(r); r)dr ; (4.5)
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A() and B() are zeros of F (g(r); r). [In (4.1),  and 1=c2 correspond to , of
course.] We assume A() = A(0) + +    and B() = B(0) + +    , as well as




F (g(y); y)dr ;
y = C()(r −A(0)) +A() ;
C() := (B()−A())=(B(0) −A(0)) ;
(4.6)
and expand in ; C() = 1 + γ+    ,
C()F (g(y); y) = F (0; r) +












The r derivatives drop out in the integration (4.6), since A(0) and B(0) are zeros
of F (0; r). Therefore, to calculate I() in rst order in , we may replace the in-
tegrand F (g(r); r) in (4.5) by the rst two terms of the expansion (4.7), and the
integration boundaries in (4.5) by the zeros of F (0; r). A similar reasoning holds
for the scattering integrals considered in Sec. 2.
Bohr’s quantization rules24 read as
S(rmin; rmax) = ~nr ; M = ~n’ ; (4.8)
with radial and azimutal quantum numbers nr = 0; 1; 2; : : : ; and n’ = 1; 2; : : : ;
respectively. Solving (4.8) [with (4.3) and (4.4) inserted] for E, we obtain
E(n; n’) = En[1 + c













g(n; n’) = − 2jjJ0(ane)(cos(an) +  sin(an)) ;
(4.9)
with n = nr + n’, En = −2m=(2~2n2), an = ~2n2=(jjm), and e =
q
1− n2’=n2.
The term c−2h(n; n’), accounting for the relativistic ne structure splitting in
lowest order, coincides with that obtained from the Dirac equation.28 (This co-
incidence is in fact exact, holding for all orders of the 1=c2 expansion.)
In the following we give estimates for the tachyon mass and the coupling con-
stant. At rst we specify the boundary condition for the potential, by requiring a
nite self-energy [see the discussion after (1.4)], which means to drop the cosine in
(4.9) and to put  = 1. We start with the hydrogen atom, and introduce dimen-
sionless constants ^, ^, and ^, via
− =: ~c^;  =: ~c^;  =: mc
~
^^ : (4.10)
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^ evidently is the tachyonic analogue to the electric ne structure constant ^ 
1=137. ^ denotes the tachyon mass in units of m^, where m is the reduced mass
of electron and proton. In (4.9) we substitute an = n
2^, and write the azimutal
quantum number in standard quantum mechanical notation as n’ = j+ 1=2. Wave
numbers are denoted by ~n;j = En;j=(hc), and energy levels are dened positive for
convenience, so that En;j = −E(n; n’).








































where we have indicated by ~QEDn;j;l the correction stemming from higher order terms
of the relativistic ne splitting and the Lamb shift, labeled by the usual quantum
numbers.28;29 The procedure will be to substitute on the left side of Eq. (4.11)
the experimental wave number, and for the rst three terms on the right side the
theoretical result based on Lamb shift calculations. In this way equations for the
tachyon mass ^ and the coupling constant ^ can be obtained.
Remark. Since J0(z ! 1) 
p
2=(z) cos(z − =4), the contribution of the
tachyon potential to the wave number decreases with ^−1=2 if the tachyon mass
is large. There is one exception, namely Yrast states, n = j + 1=2, because in this
case the argument of the Bessel function is zero. If the orbit is elliptical, the varia-
tion of the orbital radius is about 2ean (the dierence between aphel and perihel)
with eccentricity and Bohr radius as dened after (4.9). The number of sign changes
of the tachyon potential along this distance is approximately 2en2^=. Thus, for
^ ! 1, there is an increasing number of sign changes of the tachyon potential
along an elliptical orbit, so that the average value of the tachyon potential along
the orbit approaches zero in this limit. But in the case of Yrast states, the orbits
are circular, therefore the contribution of the tachyon potential to the energy levels
does not diminish with increasing mass, as there is no sign change along the orbit.
However, that is also likely to change in a wave mechanical treatment, as orbital
radii can then only be dened as expectation values. Therefore, also for Yrast states,
the contribution of the tachyon potential will diminish with increasing mass, due
to sign changes of the potential in the spherical shell in which the bulk of the prob-
ability density is located. As a semiclassical treatment is likely to be insucient if
the tachyon mass is large, we focus in this paper on a lower bound for it. But even a
potential with a large tachyon mass may well be observable, because this averaging
eect can be compensated by a large coupling constant.
We start with the 1S − 2S1=2 transition in hydrogen, and write the dierence
of experimental and theoretical frequencies in terms of measured and theoreti-
cal Lamb shifts, ex1S−2S − th1S−2S = Lth1S − Lex1S + Lex2S − Lth2S . We take for Lex1S
the average of 8172.798 MHz, 8172.827 MHz, 8172.874 MHz, and 8172.876 MHz
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[cf. Refs. 30{33, respectively], and use Lth1S = 8172:802 MHz, cf. Refs. 29 and 33. The
dierence of the 2S Lamb shifts is negligible in view of the very large error bounds on
Lex, th1S , see the papers cited above, and so we nd 
ex
1S−2S − th1S−2S  −0:042 MHz.









3) sin(4^) : (4.13)
Next we turn to the 2S1=2 − 2P3=2 interval. We have an experimental value of
9911.200 MHz, [cf. Ref. 34], and a theoretical one of 9911.2025 MHz, [cf. Refs. 29









3)− 1) : (4.14)
Combining (4.13) and (4.14), we nd
4:2 sin(4^)(J0(^2
p
3)− 1) = sin ^− (1=4) sin(4^)J0(^2
p
3) : (4.15)
The smallest solution of this equation is ^  0:82. This yields the estimate
3.06 keV/c2 for the lowest possible tachyon mass m^^, cf. (4.10). With J0(2:84) 
−0:20, and h=(mc2)  8:1  10−21 s, we obtain, via (4.13), the tachyonic ne
structure constant ^  6:4 10−14.
Remarks. (1) Equation (4.15) admits a discrete set of possible solutions, because
it gets periodic for large ^, but one has to keep in mind that for large tachyon mass
the Bohr{Sommerfeld quantization breaks down. (2) The condence intervals of
the measured and theoretical frequencies used in deriving (4.15) overlap; so there
is actually no established discrepancy between the theoretical and experimental
results, at least if one assumes a suitable proton radius.33 The purpose of this
investigation is not so much to improve on the theoretical Lamb shift, but rather
to show how one can accommodate the tachyon potential in atomic spectra, and
in doing so, to obtain estimates of the tachyon mass and the coupling constant.
On the other hand, although the coecient 4.2 in Eq. (4.15) is uncertain (because
of the large error bounds on the theoretical and experimental 1S Lamb shift,33 and
the large experimental condence interval for the 2S1=2 − 2P3=2 transition34), this
does not substantially aect the smallest solution; in the range 4:2+6:2−3:6, we nd
^ = 0:82−0:02+0:3 . We do not attempt to give an error bound on ^  6:4 10−14, but
rather check the quality of this result in hydrogenic ions.
We study hydrogenlike ions of medium and high Z. In (4.10), this requires the
following substitutions:





m in (4.10) now denotes the reduced mass of electron and nucleus. The Z-scaling
of ^ is evident, and there is strong experimental evidence for the Z7-scaling of ^,
presented below. The tachyon mass is independent of the charge and the mass of the
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source generating the potential, which results in the indicated scaling of ^. In the
following we neglect the mass ratios in (4.16) stemming from the reduced masses,
and use m = 0:51 MeV/c2, ^ = 0:82, and ^ = 6:4 10−14.
At rst we consider the 2s1=2−2p3=2 transition in hydrogenlike sulfur, S15+. This
is a rare case where theoretical and experimental error bounds do not overlap. The
discrepancy between experiment36 and theoretical standard result37;38 is Eex-th :=
Eex2S−2P −Eth2S−2P  −4:5(3:0) 10−4 eV. The energy shift induced by the tachyon
potential reads as Etachn;j := hc~
tach
n;j , with (^; ^; ^)! (^Z; ^Z7; ^=Z) substituted in








3)− 1)  −3^^^3Z5 ; (4.17)
where we used J0(z) = 1 − z2=4 + O(z4). With Z = 16, we nd Etach2S−2P =(mc2) 
−8:1 10−10, which is to be compared to Eex-th=(mc2)  −8:8 10−10. This is
excellent agreement, the tachyonic correction Etach2S−2P almost completely accounts
for the discrepancy of measured and theoretical Lamb shift.
Next we consider the Ly-1 line, 1s1=2− 2p3=2, in hydrogenic argon, Ar17+. We
have Eth1S−2P = 3:3230191 keV and E
ex
1S−2P = 3:323016(17) keV, [cf. Refs. 37{39]









and we arrive at Etach1S−2P =(mc
2)  −1:2 10−9 (Z = 18). Based on (4.18), we can
predict a transition energy E1S−2P = Eth + Etach = 3:3230185 keV, which is well
within the condence interval of the quoted experimental result.
As for the Ly-2 transition in Ar
17+, 1s1=2 − 2p1=2, we have Eth1S−2P =
3:3182033 keV and Eex1S−2P = 3:318198(17) keV, cf. Refs. 37{39, so that E
ex-th=
















2)  −2:7 10−9. Our prediction for the transition energy is thus
E1S−2P = Eth +Etach = 3:3182019 keV, very close to Eex1S−2P .
For the Ly-1 line of hydrogenlike krypton, Kr
35+, Eth1S−2P = 13:509046 keV
and Eex1S−2P = 13:50895(50) keV, [cf. Refs. 37, 38 and 40] so that E
ex-th=(mc2) 
−1:9 10−7. We arrive, via (4.18) (Z = 36), at Etach1S−2P =(mc2)  −3:9 10−8, and
our prediction is E1S−2P = 13:509026 keV, again well within the error bound of
Eex1S−2P .
For the Ly-1 line of Ni
27+, we have Eex-th=(mc2)  5:110−8; the measured
1S Lamb shift reads Lex1S = 5:07(10) eV, and the theoretical result is L
th
1S = 5:096 eV,
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[cf. Refs. 37, 38 and 41]. (Eex-th = Lth1S − Lex1S + Lex2P − Lth2P , and the dierence of
the experimental and theoretical 2P3=2 shifts is assumed to be negligible compared
to the dierence of the much larger 1S shifts.) We nd, by means of (4.18) (with
Z = 28), Etach1S−2P =(mc
2)  −1:1 10−8, which leads to a predicted Lamb shift of
L1S  Lth1S −Etach1S−2P = 5:102 eV, well within the condence interval of Lex1S .
For hydrogenlike gold, Au78+, the ground-state Lamb shift reads as Lth1S =
205:7 eV, and Lex1S = 202:3(8:0) eV, cf. Refs. 42{44. As in the case of nickel, we
consider the Ly-1 transition, and neglect the dierence of the small 2P3=2 shifts, so
that Eex-th  Lth1S − Lex1S , which yields Eex-th=(mc2)  6:7 10−6. With (4.18)
and Z = 79, we nd Etach1S−2P =(mc
2)  −2:0  10−6. This leads to the prediction
L1S  Lth1S−Etach1S−2P = 206:7 eV, still within the condence interval of Lex1S , though
only narrowly.
Finally, for U91+, Lth1S = 465:6 eV and L
ex
1S = 469(13) eV, [cf. Refs. 42{44], so
that Eex-th=(mc2)  −6:7 10−6, and the contribution of the tachyon potential
to the Ly-1 interval is E
tach
1S−2P =(mc
2)  −4:2  10−6 (via (4.18), with Z = 92),
yielding a predicted Lamb shift of L1S = 467:7 eV, very close to L
ex
1S .
These results are strong evidence for a Z7-scaling of the tachyonic coupling
constant, assumed in (4.16). Returning to the potential (2.1) [with  = 1 and the




= ~c^ZZ 0 ;  = −qq
0
4
= −~c^(ZZ 0)7 ;  = mc
~
^^ : (4.20)
Z is here a positive or negative integer dening electric and tachyonic charge, e =p
4~c^Z and q =
q
4~c^Z7, so that q=e =
q
^=^Z6. (To summarize, ^  1=137,
^  6:4  10−14, m  0:51 MeV/c2, ^  0:82, and mt = m^^  3:06 keV.) The











the coecient 1/146 in this formula is based on the numerical values of ^ and ^.
As pointed out in the Remarks following (4.15), the value of ^ is uncertain, and it
is tempting to replace 1/146 by the ne structure constant ^, and then to regard
(4.21) as an exact relation equivalent to
^ = ^6^4 : (4.22)
The numerical value of ^ remains unchanged, and ^  6:8  10−14. It is easy to
check, that this mildly modied value of the tachyonic ne structure constant does
not aect the above predictions for the transition energies and Lamb shifts in any
signicant way (a change of 1 in the last decimal digit). Relation (4.22) is of
course only conjectured on numerical grounds. It means that this eld theory for
tachyons involves only one new fundamental constant, the tachyon mass.
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5. Conclusion
If one contemplates on the possibility of superluminal motion, one is faced with the
choice of an interaction mechanism with subluminal matter. A strictly causal theory
of geodesically moving superluminal signals is straightforward to obtain in a cosmo-
logical setting,9;11 but it is less obvious to dene realistic interactions of tachyons
with matter, i.e. to attach a physical meaning to the term \superluminal signal."
Quantization attempts1;3 of scalar eld theories with superluminal modes have not
led to a consistent theory, and quantum tachyons still remain to be properly de-
ned. So it seems advisable to search for tachyons on a classical or semiclassical
basis rst. In this paper, a classical eld theory of superluminal wave propagation is
investigated, a real Proca eld with negative mass square, which admits tachyonic
modes. We derived the potential of a static point source, and we studied how it
aects scattering and bound states if added to the Coulomb potential as a pertur-
bation. We calculated the classical cross-section in various limits, cf. Sec. 2, and
found that the tachyon potential substantially modies the Coulomb cross-section
in the limit of large impact parameter, where rainbow scattering applies, cf. Sec. 3.
In Sec. 4, we derived a lower bound on the tachyon mass as well as an estimate
for the coupling constant of the tachyon potential, and related tachyonic to electric
charge. All that was done on the assumption that the tachyon potential, added as
a perturbation to the Coulomb potential, cf. (2.1), can account for the discrepancy
of experimental and theoretical Lamb shifts in hydrogenic ions, and quantitative
evidence was pointed out to support that. In this way we got a rst, though indi-
rect, clue for the existence of superluminal signal transfer, by virtue of the static
potential of this superluminal eld theory. There is also a tachyonic counterpart to
the magnetic moment of the nucleus, inducing level shifts in the hyperne struc-
ture. This could provide another feasible and quite independent test of this eld
theory, based on the ground state hyperne splitting of hydrogen and hydrogenlike
ions. Throughout this paper we used classical and semiclassical methods. Given the
small coupling constant of the tachyon potential, a wave mechanical calculation of
the level shifts induced by the tachyon potential is certainly not out of reach. This
is all the more important as Bohr{Sommerfeld quantization is expected to break
down in the limit of large tachyon mass, cf. the Remark following (4.12).
One can consider atoms in equilibrium with a mixture of photon and tachyon
black-body radiation, and study the ratio of photonic and tachyonic transition rates.
The derivation of tachyonic transition rates is quite analogous to photonic ones, by
standard equilibrium arguments45 not repeated here, but we sketch how this ratio
relates to the Einstein coecients and the photonic and tachyonic spectral energy
densities and give some estimates.
The quotient of the dipole matrix elements of tachyonic and electric charge and
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The ratio of tachyon and photon transition rates is the same for absorptive,

















the asymptotic relation holds for mtc
2=(h)  1. Using mt  3:06 keV/c2 and
^=^  9:3  10−12, cf. the end of Sec. 4, we nd Rtach=Rph  2:8  10−9 for the
Lyman- lines of hydrogen (10.2 eV). The 2s1=2 − 2p1=2 transition in hydrogen
(4:4 10−6 eV) is much more likely to be eected by tachyons, since Rtach=Rph 
6:5 10−3.
Finally we turn to the cosmic tachyon background radiation.19 One readily
calculates the ratio of photon and tachyon density as well as the ratio of the corre-



















We nd, with a background temperature of 2.73 K, Ntach=Nph  8:9  106 and
Utach=Uph  4:8  106. As pointed out above, the high tachyon density can only
in part compensate for the small ratio of tachyonic and electric ne structure con-
stants, which makes the tachyon background dicult to observe. On the other
hand, 3 keV is only a lower bound on the tachyon mass, a larger mass increases
both the tachyon density and the tachyonic ne structure constant, cf. (4.22) and
the Remark following (4.12), and thus the absorption rate for tachyon radiation.
A nal comment on superluminal signals, which we have not addressed at all
in this paper. Superluminal signal transfer is eected by wave solutions of the eld
equations (1.2), cf. Ref. 20. As the eld is conformally coupled to the background
metric, the semiclassical approximation is exact, which means that the classical
tachyonic action S can be identied with the phase of the spectral elementary
modes, so that the integration constants in S appear as spectral parameters. [The
tachyonic action is of course dened by a Hamilton{Jacobi equation with negative
mass square, gS;S; = 
2, with 2 and g as in (1.2). This equation for geodesi-
cally moving tachyons should not be confused with the Hamilton{Jacobi equation
for subluminal particles in the tachyon potential, cf. (2.2).] Hence, the frequencies of
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the spectral waves relate to the velocity/energy of the classical tachyonic world-lines









Tachyons do not carry any kind of charge. Tachyonic world-lines are analogous to
the light-rays of geometric optics, and, by virtue of (1.2) and (5.6), tachyons can
be viewed as a kind of photons with negative mass square. They are transversally
propagating spin one particles, cf. Ref. 20, where the spectral resolution of (1.2)
is discussed in detail. The tachyon potential in (2.1) is just a static solution of
the eld equations, analogous to the Coulomb potential. Electric and tachyonic
charge is carried by massive subluminal particles, the sources of tachyonic and
electromagnetic elds.
Equation (5.6) determines the speed of tachyons emitted in atomic transitions.
If a tachyon is generated by a Lyman- transition in a heavy hydrogenic ion, cf.
Sec. 4, then its velocity is rather close to the speed of light. But the opposite
asymptotic limit, jvj  3:06 keV c=(h), applies to the 2s1=2 − 2p1=2 Lamb shift
splitting in hydrogen, yielding jvj  6:8 108c  0:21 Gpc/yr, a comfortable speed
of signal transfer on the distance scale of nearby galaxies.
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